Tainan, Taiwan
Introduction: Little is known regarding how the mandible rotates in facial asymmetry. The purpose of this study was to study mandibular misalignment with a new plane-to-plane analysis method in patients with facial asymmetry. Methods: Optimal symmetry planes (OSPs) were generated by computing the greatest count of paired voxels on opposing sides of the computerized tomography image of the structure. The mandibular OSP was measured against the midfacial OSP for its alignment. The deviation angle formed by the 2 OSPs was broken down into a y-axis component (frontal deviation angle) and a z-axis component (horizontal deviation angle). Fifty-nine patients who sought correction for facial asymmetry were included for study. Results: The new analysis method was feasible. Fifty patients (83%) had significant mandibular misalignment (deviation, $4 or 4 mm). The locations of the rotational axes exhibited significant variations that could explain the varied features of the asymmetry. The frontal deviation angle (mean, 3.80 6 3.89 ) was significantly larger than the horizontal deviation angle (mean, 2.77 6 1.71 ). There was no significant correlation between the horizontal deviation angle and the anterior deviation distance or the posterior deviation distance. Conclusions: Proper mandibular realignment was suggested to be the primary aim in surgical correction of most jawbone asymmetries. Because of the greatly varied rotational axes and the obscure z-axis rotation, realignment could be difficult with the traditional approach. The OSP-based analysis is advocated to guide planning. (Am J Orthod Dentofacial Orthop 2018;153:70-80) S ymmetry is essential for facial beauty and attractiveness. 1, 2 Studies have shown that up to 67% of the orthognathic patient population has some form of facial asymmetry. 3, 4 The treatment goal is a symmetrical dentofacial configuration with a functional occlusion. A comprehensive evaluation of the asymmetry is mandatory. Traditionally, the assessment is done by referencing median or bilateral landmarks to the facial midline or the median plane, which is constructed by connecting median landmarks or bisecting bilateral landmarks on the midfacial bone and cranial base. The analysis results are presented as chin deviation distance, facial width discrepancies, occlusal plane canting angle, or the dihedral angle formed between the midline and the anterior nasal spine-menton line. [5] [6] [7] [8] [9] [10] [11] [12] [13] A similar approach has been adopted in 3-dimensional (3D) cephalometry. This approach considers the facial skull as 1 structural unit and examines primarily asymmetry of landmarks. Correction of asymmetry aims to neutralize the occlusal plane cant and chin deviation.
Another approach to facial asymmetry assessment involves dividing the asymmetry into structural asymmetry and alignment asymmetry. 14 The former represents the internal asymmetry of the individual facial bone subunits. The latter denotes the asymmetry caused by a mismatch in position or orientation across 2 structural components in the facial bone unit; in most cases, this is the deflection of the mandible from the midfacial bone or mandibular misalignment. This approach acknowledges the theory that the mandible has its own growth and modeling mechanisms. Unequal mandibular growth has been shown to be a major cause of facial asymmetry. 15, 16 In that context, the mandible is separated from the rest of the facial bone in symmetry evaluation. A matching optimal symmetry plane planning method has been proposed to correct facial bone asymmetry surgically. 17 This was done by initially realigning the mandible to the midface using its optimal symmetry plane (OSP) as a guide, followed by bone contouring for residual asymmetry, if necessary. Mandibular misalignment is considered to be the major cause of facial bone asymmetry; however, the assumption lacks proof in the literature. Studies of mandibular misalignment are scarce. Most are technical notes or reports on a few patients. It has been described as roll or yaw of the mandible. 18 A few studies have described how the roll or yaw was measured. 19 There is doubt about whether they showed rotations of jawbones or merely dental arches. The anterior nasal spine or nasion has been designated as the rotational center for frontal cephalometric analysis of facial asymmetry. 13 However, there are no relevant studies of the rotational center or the rotational axis in the literature. Little is known regarding how the mandible rotates and how rotations affect facial asymmetry. The purpose of this article was to define mandibular misalignment with a plane-to-plane symmetry analysis method in patients who required facial asymmetry correction. The specific aims were to (1) study the rate of significant mandibular misalignment in these patients, (2) locate the rotational axes of the misalignments, and (3) quantify the magnitude of the rotations in 2 and 3 dimensions. An attempt was made to characterize the asymmetry with the location of the rotational axis.
MATERIAL AND METHODS
A retrospective review was conducted of a cohort of patients with facial asymmetry for whom the analysis method had been applied. The inclusion criteria were (1) facial asymmetry as a major reason for seeking treatment in the Department of Oral and Maxillofacial Surgery or the Department of Orthodontics at National Cheng Kung University in Tainan, Taiwan, and (2) complete analysis records for the patient were available. Patients with neoplasms or previous orthognathic surgery were excluded. A total of 78 patients with facial asymmetry had visited the department with or without other facial disharmonies and received facial bone computed tomography (CT) examinations from May 2010 to February 2015. Nineteen patients were excluded because of incomplete data (n 5 18) and previous orthognathic surgery (n 5 1), resulting in a final cohort of 59 patients. The institutional review board of the hospital approved the study, and all participants provided written informed consent. We reviewed the Declaration of Helsinki and followed the guidelines in this investigation.
All patients underwent CT examinations for symmetry analysis and 3D orthognathic planning. Each patient's facial skeleton was scanned (with the canthus-tragus line perpendicular to the floor), using a spiral CT machine at 0.7-mm thick slices (settings, 120 kV and 70-80 mA; increment, 0.7 mm; STOMATOM Sensation 16; Siemans, Erlangen, Germany). The CT images were stored digitally in a standard digital imaging and communications in medicine format. All data obtained were transferred to a personal computer in the laboratory for additional processing using the self-developed imaging-processing software. For the routine facial skeleton study, the structures behind the external auditory meatus were excluded and erased.
Symmetry was defined as the pairing of the bilateral structural elements across an imaginary plane. The higher the rate of pairing, the more symmetrical the structure. The OSP is the sagittal plane that results in the greatest count of paired voxels on opposing sides of the CT image. A mathematical optimization algorithm was developed to compute the highest rate of voxel pairing. The plane that yields the highest rate is the OSP, obviating the need of landmark identification. The calculation is done automatically by the computer (Fig 1) . The method has been described in previous articles. 17, 20, 21 Because a flat plane is generated, local asymmetry may occur with a major growth disturbance (Fig 2) .
A virtual bony tumor study was conducted in which spherical bone tumors of an incremental size of 5 mm in diameter were added to the canine or molar region of a mandible model in the computer until the OSP diverted. The new mandibular OSPs were computed, and the dihedral angles between the new OSPs and the original OSP were measured. The result showed that the OSP remained steady, unless the tumor was large enough to overwhelm the original structure. Then, the OSP diverted abruptly to traverse the virtual mass (Fig 3) . The original OSP could be recovered by erasing the tumor grossly and recalculating the rate of paired voxels of the mandible.
In the plane-to-plane symmetry analysis system, the skull was orientated with the midface OSP as the midsagittal plane. The horizontal plane was the plane perpendicular to the midsagittal plane and coplanar with midporion and midorbitale (midporion, midpoint of the right and left porions in the midsagittal plane; midorbitale, midpoint of the right and left orbitales in the midsagittal plane). The frontal plane was the plane perpendicular to the 2 planes. The z-axis was perpendicular to the horizontal plane and directed upward. The y-axis was perpendicular to the frontal plane and directed backward. 17 OSPs were established for the midface and the mandible. The midface skeleton was the hard tissue from the supraorbital bar to the maxillary dentition. Structures behind the external auditory canal were erased. To assess the mandibular misalignment, the midface OSP served as the reference plane for the facial skeleton. The misalignment was measured by relating the mandibular OSP to the midface OSP. The deviation angle was the angle formed by the 2 OSPs in 3 dimensions. A deviation angle approaching zero implicates close matching of OSPs or an essentially translational movement. For clarification, the 3D deviation angle was broken down into a frontal deviation angle and a horizontal deviation angle, according to the projection planes. The mandibular chin was defined as the point where the mandibular OSP meets the lower border of the chin. A line was drawn from the mandibular chin perpendicular onto the midface OSP; this point was called the facial chin. The anterior deviation distance was the distance between the mandibular chin and the facial chin. The posterior deviation distance was the Flowchart of generating the OSP. The DICOM imaging obtained from either spiral CT or conebeam CT is decoded to a personal computer. Through a sequence of image-processing steps including contrast and threshold settings, the hard tissue of the region of interest becomes apparent. The threshold is determined so that the condylar process can be separated from the cranial base. Region growing is then applied to "glue" the region of interest domain slice by slice with the images in order. The marching cube method is used to generate the surface-based 3D models. Finally, we transferred the data structure of the surface-based models into the voxel-based models to calculate the number of paired voxels side by side. The median plane that provides the best pairing is the OSP. distance between the OSPs at the point where the intergonial line meets the mandibular OSP. Although the gonions had to be identified manually, they were not used for direct measurement. A positive distance denoted deviation to the left side, and a negative distance denoted deviation to the right side. At present, any deviation of 4 mm or more or any deviation angle of 4 or more was considered significant asymmetry.
The rotational axis of the mandibular misalignment was the intersectional line of the OSPs of the midface and the mandible. The frontal rotational center was the point where the rotational axis met the frontal plane on the facial chin, and the horizontal rotational center was the point where the axis met the horizontal plane on the facial chin. The rotational axis could be demonstrated by connecting the 2 rotational centers; the locations were presented as the distance from the facial chin to the frontal rotational center and the distance from the facial chin to the horizontal rotational center. The distances were calculated by the trigonometric tangent function. The mandibular chin-facial chin line was the opposite side, and the frontal rotational center-facial chin line or the horizontal rotational center-facial chin line was the adjacent side. Thus, the frontal rotational center distance is the anterior deviation distance divided by trigonometric tangent of the frontal deviation angle, and the horizontal rotational center distance is the anterior deviation distance divided by tangent of the horizontal deviation angle (Fig 4) . This was because the midface OSP was defined as the sagittal plane in the coordinate system. The frontal rotational center distance was defined as positive when it was above the facial chin, and the horizontal rotational center distance was positive when it was posterior to it.
Statistical analysis
The landmark localization errors were assessed based on the method of Eliasziw et al. 22 The 1-tail Welch test was used to examine the differences between the frontal and horizontal deviation angles, and between the anterior and posterior deviation distances. The 1-tail MannWhitney test was used to examine the difference between the frontal and horizontal rotational center distances. The Pearson coefficient test was used to examine the correlation between the mandibular deviation distances (anterior or posterior deviation distance) and the y-axis rotation (frontal deviation angle) or the z-axis rotation (horizontal deviation angle), and between the anterior and posterior deviation distances. Apart from the median values of the frontal and horizontal rotational center distances, only absolute values, as measured, were invoked statistically. Standard software (version 17.0; Statistical Package for Social Sciences, SPSS, Chicago, Ill) was used for all calculations, with significance set at P\0.05.
RESULTS
The symmetry analysis method required localization of the right and left gonions to generate a reference point for measuring the posterior deviation distance. The intraexaminer and interexaminer coefficients among the 3 examiners (2 research fellows, 1 oral surgeon) for the right and left gonions in 20 mandibles were very high (0.99), except for the right gonion in the x-coordinate (0.84 for the interexaminer coefficient, 0.72 for 1 intraexaminer coefficient). The plane-to-plane method was feasible and worked for all facial asymmetry patients.
Forty-two patients (75%) had an anterior deviation distance of 4 mm or greater, 30 (51%) had a deviation angle of 4 or greater, and 17 (29%) had a posterior deviation distance of 4 mm or greater. Forty-nine (83%) patients had a deviation antle of 4 or greater or any deviation distance of 4 mm or greater. The distribution of the significant deviations is shown in Figure 5 . Left-side deviations predominated, in 64% of the patients with an anterior deviation distance and 59% of the patients with a posterior deviation distance of 4 mm or greater. Although 8 (14%) patients had anterior and posterior deviation distances on opposite sides, the distances were relatively short, and none showed both deviation distances of 4 mm or greater. The greatest deviation was noted in a patient with a condylar osteochondroma, in which the deviation angle was 24.8 , the anterior deviation distance was 21.3 mm, and the posterior deviation distance was 7.8 mm. The mean deviation angle was 5. 16 6 3.68 , the mean frontal deviation angle was 3.80 6 3.89 , and the mean horizontal deviation angle was 2.77 6 1.71 . The frontal deviation angle was larger than the horizontal deviation angle in 33 (56%) patients. The frontal deviation angle was statistically significantly greater than the horizontal deviation angle (P 5 0.03). Twenty-four patients (41%) had both frontal and horizontal deviation angles larger than 2
. Five of them (8.5%) had both angles larger than 4 . The mean anterior deviation distance was 7.22 6 4.12 mm, and the mean posterior deviation distance was 3.02 6 2.12 mm. The anterior deviation distance was larger than the posterior deviation distance in 54 (92%) patients. The anterior deviation distance was statistically significantly greater than the posterior deviation distance (P \0.0001). The median frontal rotational center distance was 131 mm (range, -196 to 2304 mm), and the median horizontal rotational center distance was 150 mm (range, -110 to 2750 mm). The frontal rotational center distance was negative in 3 patients, and the horizontal rotational center distance was negative in 2 patients. There was no significant difference between the frontal and horizontal rotational center distances (P 5 0.79) ( Table I ). There were significant positive correlations between the anterior deviation distance and the deviation angle, between the anterior deviation distance and the frontal deviation angle, and between the anterior and posterior deviation distances. There were moderate positive correlations between the posterior deviation distance and the deviation angle, and between the posterior deviation distance and the frontal deviation angle. There was no significant correlation between the horizontal deviation angle and the anterior or posterior deviation distance (Table II) .
Five patients were chosen to illustrate how the mandibular misalignments were characterized with the locations of the rotational axis. Patient 1 represented the common facial asymmetry in which there were noticeable cants of the occlusal plane and lower mandibular border with marked chin deviation. The jawbone rotated along an axis traversing the midface in the anteroposterior direction. The rotation was frequently described as a roll. One side of the face was longer than the other side, and the chin was on the shorter side (Fig 6) . In patient 2, the rotational axis was far above the jaws. Thus, the misalignment resembled a mandibular translation. The face on 1 side was larger than the face on the other side (Fig 7) . In patient 3, the markedly increased frontal and horizontal deviation angles were associated with a relatively short anterior deviation distance. The rotational axis was close to the lower border of the mandible, resulting in significant canting of the mandibular border (Fig 8) . Moreover, the chin and the mandibular angle deviated in the opposite directions because the rotational axis lay in between. A bizarre appearance of facial asymmetry was formed. In patient 4, the anterior deviation distance was larger than the posterior deviation distance because the axis lay behind the posterior border of mandible. Because the rotation was primarily on the z-axis, the facial asymmetry was not evident unless it was viewed from the top or the bottom (Fig 9) . A variant of the z-axis rotation involved an anteriorly located axis (patient 5). The posterior deviation distance was larger than the anterior deviation distance. The asymmetry was greater on the posterior face (Fig 10) .
DISCUSSION
The traditional method of referring mandibular landmarks to a facial midline or midplane for symmetry evaluation does not distinguish mandibular misalignment from structural asymmetry of the mandible. Differentiation between them is important because misalignment is presumably corrected by realigning the mandible to the midface, whereas structural asymmetry is corrected by surgical trimming or augmentation of the jawbone contour. The plane-to-plane method developed OSPs from the midface and the mandible individually. Structural asymmetry could be examined with reference to their own OSPs. Misalignment was demonstrated by the mismatch across the 2 OSPs. Thus, the 2 categories of asymmetry can be distinguished and evaluated separately.
In this study, 83% of the patients demonstrated significant mandibular misalignment. A large anterior deviation distance was most frequently noted, followed by a large deviation angle, and least frequently by a large posterior deviation distance. A recent study showed that the mandibles retained their basic contour symmetry in patients with significant facial asymmetry. 23 In this context, the mandibular misalignment is proposed to be the primary target for correction of most facial asymmetries.
The misalignment was regarded as a rotation of the mandible in 3 dimensions. For the sake of better understanding, the rotational angle in 3 dimensions or the deviation angle was broken down into the y-axis rotational angle or the frontal deviation angle, and the z-axis rotational angle or the horizontal deviation angle. The result showed that the mandible rotated more on the y-axis than on the z-axis; however, the z-axis rotation was not negligible. Forty percent of the rotations had both a y-axis component and a z-axis component greater than 2
. The anterior deviation distance significantly correlated with the frontal deviation angle but not with the horizontal deviation angle. The z-axis rotation could be overlooked when only chin deviation was emphasized in asymmetry assessment. Correction of mandibular misalignment should consider derotation on both axes.
The location of the rotational axis was of clinical relevance. Depending on its level, the skeletal asymmetry feature could vary from a canted mandible to a shift of the lower jaw. Patient 3 had a low-level rotational axis and a large frontal deviation angle; its features resembled hemimandibular hyperplasia as described by Obwegeser. 24 Conversely, an axis close to the posterior face will have a deviated chin and a normal posterior face, whereas an axis close to the anterior face will have a deviated posterior face but little chin deviation. Kim et al 9 noted that the chin and the posterior mandible could deviate in opposite directions. This unusual feature occurs when the axis is located between the chin and the posterior mandibular border. The location of the rotational axis can be used to characterize the mandibular misalignment.
In this study, the median frontal rotational center distance was 131 mm, in which the frontal rotational center was about the level of nasion. The median horizontal rotational center distance was 150 mm, in which the horizontal rotational center was a short distance behind the mandible. However, both distances had a wide range of values, and both had negative values, indicating a rotational center below the mandible or in front of the chin, respectively. Although most of the patients in this series appeared to have dimensional discrepancies in the bilateral condylar process, the wide variety in the location of the rotational axis was unexpected. Why the axis varied widely in location is not clear. It was postulated that the nature of the anomalies, the vector of the abnormal condylar growth, the unilateral or bilateral involvement of the condyles, or the patient's age when the abnormal growth developed might be contributory. Further study might give hints to the etiopathogenesis of the facial asymmetry.
The use of roll or yaw to describe skeletal asymmetry in the past drew attention to the fact that the jawbone could rotate along different axes. However, the terms imply rotation along an axis traversing the geometric center of the bone, which was hardly the case as we found. A translational movement should be added for a complete description. Then there will be 3 separate movements rather than 1 movement, and the significance of the rotational axis of the misalignment will be concealed. We suggest avoiding the terms in defining alignment across the 2 structures.
Construction of a proper reference plane to orientate the mandible is the key in defining the alignment. Traditionally, the horizontal occlusal plane cant is used to represent the jawbone rotation. However, this assumption was defective because the growth mechanisms of the alveolar bone and its basal bone are different. The occlusal plane and the mandible can slant in opposite directions (patient 3). You et al 25 connected menton, B-point, and midgonion to form the median mandibular plane to study mandibular symmetry. In this report, median planes based on the symmetry algorithm were used as reference planes for the midface and the mandible. Although formulation of the median plane using landmarks has been the standard for decades, referencing to symmetry is highly desirable because the primary purpose of founding the median plane of a facial bone unit is to assess its symmetry. The OSP has been reported to provide better bilateral symmetry of the mandibular contour, compared with the landmark-based median planes. 23 The OSP has the additional advantages that it is generated automatically and is landmark-free. Thus, the biases or errors related to the landmark method are eliminated. A philosophical issue has been raised as to how to define symmetry in an asymmetrical object. The question can be simplified as "how to define a median reference plane in an asymmetrical object." It is thought that the "asymmetry part" of the structure will skew the reference plane. Because this plane is affected by the ; frontal deviation angle, 8.4 ; horizontal deviation angle, 1.1 ; anterior deviation distance, 10.3 mm; posterior deviation distance, 3.6 mm; frontal rotational center distance, 70.2 mm; horizontal rotational center distance, 556.7 mm) The skull is oriented with the midface OSP as the midsagittal plane.
asymmetry, it cannot be used to define symmetry or asymmetry. To deal with the dilemma, a voxel-based method was developed, with 2 characteristics: (1) all elements of the entire structure are included for computation, and (2) the algorithm counts the paired voxels only. The "asymmetry" of the unpaired voxels is not examined. In a structure that has sound basic structural symmetry, the "asymmetry part" will hardly outweigh the "symmetry part." Thus, a best-mirroring plane can be generated in which the "asymmetry part" has essentially no influence on its position, and the object symmetry can be evaluated. In clinical practice, the OSP will remain in its position unless local asymmetry is huge enough to overwhelm the native bone; this is extremely rare. If this is a bony tumor, the OSP can be recovered by erasing the tumor grossly in the computer and redoing the calculation. This "dullness" of the OSP is crucial clinically because local asymmetries can be treated locally and should not divert the reference plane. Similarly, inclusion of exactly the same height or depth of the skull CT on the right and left sides for computing is not necessary.
Traditionally, mandibular deviations are represented by chin deviation anteriorly and discrepancy in bilateral gonial or antegonial distance posteriorly. 6, 9, 12, 26, 27 ; frontal deviation angle, 1.6 ; horizontal deviation angle, 4.6 ; anterior deviation distance, 9.3 mm; posterior deviation distance, 2.6 mm; frontal rotational center distance, 310 mm; horizontal rotational center distance, 110 mm) The skull is oriented with the midface OSP as the midsagittal plane. However, the 2 measurements are incomparable because the latter counts the posterior mandibular deviation twice, once from the left side and once from the right side. Katsumata et al 6 found that menton shifts approximately 2 mm whereas gonion has a discrepancy of approximately 5 mm side by side in subjects with a symmetrical face. The same cutoff point has been applied to the 2 measurements made to define asymmetry. In our method, the definition of the posterior deviation distance corresponded to that of the anterior deviation distance because it measured the distances across the same planes. Thus, the misalignment can be determined more directly.
To the best of our knowledge, no plane-to-plane symmetry evaluation method has been reported in the literature. The advantages of this method include its capability to improve visualization and diagnosis of facial bone asymmetry. The analysis method is relatively simple and understandable by most patients, and can be applied to most evaluations. Most importantly, the analysis facilitated development of a treatment plan for facial asymmetry correction. Because the mandibular contour has reasonable symmetry with reference to its OSP, closely matching the mandibular OSP to the midface OSP will correct misalignment and generally achieve a satisfactory overall skeletal symmetry. 17 When the nose offsets the skeletal symmetry, subtle adjustment of the mandibular alignment could be performed using its OSP as a guide. Without proper realigning, orthognathic surgery may leave residual facial asymmetry, or the patient must undergo a contouring procedure that could be unnecessary if proper realignment has been done.
Clinical experience with the method is still limited. Another limitation lies in the OSP, in which the algorithm of "best mirroring" requires that the structure itself must have basic symmetrical elements. The clinical relevance of an OSP formed from a severely deformed mandible is questionable. In this situation, a customized reference plane may be preferred over an automated plane for symmetry assessment. No patients in this series required such a modification. Likewise, controversy may exist regarding whether this method produces a plane that presents the "best" symmetry of a structure. Some other methods of generating a median plane have been described. 28 Nevertheless, the concept and practice of the plane-to-plane analysis scheme could still apply.
There was no control group in this study that included patients with facial symmetry for comparison. It was not our purpose to compare mandibular misalignments in patients with and without facial asymmetry. CT examinations were not a routine for the orthognathic patients in our institution. Some of our nonasymmetry patients had received CT scanning, but the patient numbers were limited, and the selection was not randomized. Preliminary experience from these patients showed acceptable jawbone alignment. This was in line with our observation that correction of mandibular misalignment was associated with improved facial symmetry. 17 This study was based on spiral CT scanning, for which the field of view was more suitable for orthognathic planning. Cone-beam CT (CBCT) scanning seems to be advantageous because it reduces radiation exposure. In our experience, the voxel-based method functioned as well ; frontal deviation angle, 0.9
; horizontal deviation angle, 3.2 ; anterior deviation distance, -3.7 mm; posterior deviation distance, -6.0 mm; frontal rotational center distance, 250.1 mm; horizontal rotational center distance, -67.0 mm) The skull is oriented with the midface OSP as the midsagittal plane.
with the CBCT data, although the rate of voxel-pairing might differ from that of medical CT. Unfortunately, the fields of view of current systems available to us were often not large enough for orthognathic planning. Recently, some full-skull CBCT systems have emerged in the market and are now under investigation for that purpose.
There is a missing piece of the puzzle in regard to the morphologic assessment of facial asymmetry. This study showed that (1) the plane-to-plane analysis system was feasible to define mandibular misalignment; (2) most patients in this study had significant mandibular misalignment, suggesting that the misalignment was the primary target for facial asymmetry correction; (3) the location of the rotational axes exhibited striking variances that could explain the various features of the facial bone asymmetry; the misalignment could be specified by the location of the rotational axis and the deviation angle; and (4) because of the wide variety of mandibular misalignment and the obscure z-axis rotation, realignment could be difficult without proper reference planes for guidance. The OSP-based analysis was advocated to guide the planning. Currently, the software we used is available only for collaborative research and is not obtainable commercially.
